Polysaccharides are involved in biological responses and can activate complement system, which plays an important role in primary host defense mechanisms. We investigated anticomplementary activities from spice plants and selected thyme (Thymus vulgaris L.) as a potent complementary activator. Acidic polysaccharide (TV-3-IIIA-IIa) purified from the hot-water extract of thyme leaves by DEAE-Toyopearl 650C, Butyl-Toyopearl 650M and Sepharose CL-6B column chromatography and preparative HPLC. The purified polysaccharide, TV-3-IIIAIIa showed potent anticomplementary activity via classical and alternative pathway with the increase proportional to dosage. TV-3-IIIA-IIa seemed to be a homogenous polymer from the results of HPLC and its molecular mass was estimated as 180 kDa. TV-3-IIIA-IIa mainly consisted of galacturonic acid (44.8 mol%), glucuronic acid (16.7 mol%), arabinose (11.1 mol%), rhamnose (9.2 mol%), galactose (8.9 mol%) and small amounts of glucose, xylose, mannose and fucose. By methylation analysis and reactivity to b b-glucosyl Yariv reagent, TV-3-IIIAIIa was assumed to contain small amounts of type II arabinogalactan and large amounts of pectin-like polysaccharides in the structure. Based upon these results, TV-3-IIIA-IIa was suggested to be a complement activator.
Thyme leaves (Thymus vulgaris L.) which have been used as a seasoning to elevate tastes of western dishes are grouped as Labiatae, evergreen plants with woody stems. Its original cultivation extends to southern Europe, western Asia and northern Africa. It was reported that methanol extracts from thyme have several biological activities. [1] [2] [3] However, hotwater extracts, mainly used in foods, were not evaluated to these biological activities. Recently, there have been ongoing studies of BRMs (biological response modifiers) because they can replace chemical drugs for human disease. 4) With the view of developing new drugs without adverse effects, many researchers have been seeking biologically active substances. Commercially available polysaccharides, such as lentinan, larch arabinogalactan, krestin and so on, were the results of these efforts, which were tried to apply for cancer therapies. Especially, immune stimulating substances, such as anticomplementary polysaccharide, 5) macrophage-activating polysaccharide, 6) B-cell proliferation activating materials 7) and anti-cancer substances 8) have been studied. In general, complement system plays an important role as a primary defense on bacterial invasions and viral infections. This system is composed of over 20 serum proteins, which are activated by classical, alternative and lectin pathway. The peptides produced by complement activation can mediate several immune reactions, such as opsonization, activation of lymphocytes and mast cell degranulation. 9 ) Therefore, we investigated anticomplementary activities of edible spices. From the screening results, hot-water extract of thyme leaves showed potent activity, and the active materials of thyme were purified and characterized. Anticomplementary Activity The anticomplementary activity was measured by a percent of the inhibition of the total complement hemolysis of the control (ITCH 50 %) with sheep erythrocytes sensitized with hemolysin (EA cell) according to Kabat and Mayer's method. 10) For the determination of inhibition of the alternative complement hemolysis of the control (IACH 50 %), the same procedure described above was performed, except for rabbit erythrocytes instead of EA cell.
MATERIALS AND METHODS

Materials
Chemical and Enzymatic Treatment To investigate the active moiety of TV-3-III, the sample (30 mg) was digested with pronase and treated with sodium periodate (NaIO 4 ) by the method of Yamada et al. 11) Lipopolysaccharide (LPS) was reported as an activator of classical and alternative complement pathway. 12) Thus, to investigate the possibilities of microbial contamination, TV-3-III was treated with polymyxin B by the procedure of Morrision, et al. 13) Isolation and Purification of Anticomplementary Polysaccharide As the procedure described in Fig. 1 , thyme (500 g) was decocted with 20 l of methanol at room temperature five times. After filtration, residues were re-extracted with hot-water at 100°C for 2 h twice to obtain hot-water extract (TV-0). TV-0 was precipitated in 30, 75, and 95% ethanol. 75% Ethanol precipitate (15.5 g) with the most potent anticomplementary activity was fractionated by ultrafiltration with a 100-and 300-kDa cellulose cartridge (Millipore Co., Bedford, MA, U.S.A.). TV-3 (11.2 g), fractionated from TV-75 by ultrafiltration, showed the highest anticomplementary activity among TV-1 (molecular massϽ100 kDa), TV-2 (100 kDaϽmolecular massϽ300 kDa) and TV-3 (molecular massϾ300 kDa).
To purify an anticomplementary polysaccharide from the crude polysaccharide (TV-3), sequential column chromatographs were performed. In each step, active fractions with the highest anticomplementary activities were collected and sequentially fractionated. TV-3 was subjected onto a DEAE-Toyopearl 650C (Cl Ϫ form) column (2.5ϫ20 cm) and eluted with the successive stepwise gradient of NaCl solution (0, 0.15, 0.3, 0.45, 1.0, 2.0 M). Each fraction was collected, dialyzed against tap water for 2 d and lyophilized. The active fraction (TV-3-III, 2.8 g), eluted with 0.3 M NaCl, was further fractionated by a Butyl-Toyopearl 650M (2.4ϫ10 cm) column. TV-3-III was loaded on the column and eluted with a linear gradient of 2 M (NH 4 ) 2 SO 4 to distilled water. Then, an unbound fraction (TV-3-IIIA, 1.4 g) was applied to a Sepharose CL-6B column (2.5ϫ95 cm) using 0.2 M NaCl as an elution buffer. An active fraction (TV-3-IIIA-II, 0.6 g) was injected into Shodex OHpak KB805 column (Waters 2690 HPLC series) and eluted with 0.2 M NaCl solution, monitored by Waters 410 RI detector, obtaining the purified anticomplementary polysaccharide (TV-3-IIIA-IIa, 0.4 g).
General Analysis The total carbohydrate, uronic acid and protein contents were determined by the phenol-sulfuric acid, 14) m-hydroxybiphenyl 15) and Lowry's 16) methods, respectively, using D-glucose, D-galacturonic acid and bovine serum albumin as the respective standards. Monosaccharide composition was analyzed by the procedure of Jones et al. 17) The alditol acetates were analyzed by GLC on a HP-5890 Series II gas chromatography (Hewlett-Packard, U.S.A.) equipped with a SP-2380 capillary column (0.2 mm film, 0.25 mm i.d.ϫ30 m, Supelco Co., U.S.A.). The mol% of monosaccharide was calculated from peak areas and molecular weight of the corresponding alditol acetates. Arabinogalactan portion was detected by the method of a single radial gel diffusion by b-D-glucosyl Yariv reagent. 18 ) HPLC (Waters 2690 HPLC series) was performed on a column of Shodex OHpak KB-805 (GPC type, 8ϫ300 mm, Toshohaas Co.) eluted with 0.2 M NaCl, monitored by Waters 410 RI detector.
Methylation Analysis TV-3-IIIA-IIa was methylated according to the Hakomori method, 19) and the methylated products were recovered using a Sep-pak C 18 cartridge by the procedure of Waeghe et al. 20) Carboxyl groups in methylated products were reduced with Super-Deuteride ® (Li(Et) 3 BD 3 in THF, Aldrich Co.). The partially methylated alditol acetates were analyzed by GLC and GLC-EIMS. GLC was performed with a SP-2380 column on the same equipment of the monosaccharide analysis condition except for EIMS (HewlettPackard 5890 mass spectrometer). Methylated alditol acetates were identified by their fragment ions in EIMS and relative retention times in GLC. Their molar ratios were calculated from the peak areas and response factors.
21)
Molecular Mass Determination The molecular mass was determined by HPLC coupled to MALLS (multi-angular laser light scattering) with a TSK-gel G5000PW column (Toshohaas Co., Japan). The HPLC system was Spectra System P2000 of SP-Thermo separation products with detectors of Shodex RI-71 and Dawn-DSP laser photometer (Wyatt technology Co., U.S.A.).
Statistical Analysis All data are expressed as meansϮ S.D. The significance of any differences between means was evaluated by Student's t-test.
RESULTS
Purification of Anticomplementary Acidic Polysaccharide from Thymus vulgaris L.
From the investigation of the anticomplementary activity with 80 edible plants, hotwater extract of thyme appeared to be a potent anticomplementary material. The active substance of hot-water extract was isolated by the procedure of Fig. 1 . As shown in Table 1 , TV-0 expressed higher anticomplementary activity than TV-M. TV-75 (75% ethanol precipitate) had the highest anticomplementary activity among subfractions precipitated by ethanol and its activity was increased from TV-0 at all test concentrations. TV-75 was further fractionated by ultrafiltration with a 100-kDa and 300-kDa membrane cartridge, obtaining three fractions (TV-1, molecular massϽ100 kDa; TV-2, 100 kDaϽmolecular massϽ300 kDa; TV-3, molecular massϾ300 kDa). TV-3 showed the most potent anticomplementary activity among three fractions with an increase of anticomplementary activity at 500 mg/ml and 100 mg/ml (Table 1) . TV-3 applied to a column of DEAE-Toyopearl 650C, then fractionated by successive stepwise elution with sodium chloride solution (D.W. to 2.0 M NaCl). By anion exchange chromatography, six fractions (TV-3-I to TV-3-VI) 942 Vol. 24, No. 8 were obtained ( Fig. 2A ) and TV-3-III (eluted with 0.3 M NaCl) had the highest anticomplementary activity and yield of them, although its anticomplementary activity was not significantly increased compared to TV-3. TV-3-III was loaded on hydrophobic interaction chromatography of Butyl-Toyopearl 650M, resulting in two peaks (Fig. 2B) ; unabsorbed fraction (TV-3-IIIA) and absorbed fraction (TV-3-IIIB). TV-3-IIIA was mainly composed of carbohydrate (Table 2 ) and its anticomplementary activity was higher than TV-3-IIIB. TV-3-IIIA was collected and applied to gel filtration chromatography of Sepharose CL-6B. With gel filtration chromatography, four peaks (TV-3-IIIA-I, -II, -III and IV) were obtained from TV-3-IIIA (Fig. 2C) . Of four subfractions, TV-3-IIIA-II, the second peak showed the highest anticomplementary activity (Table 1) . Therefore, TV-3-IIIA-II was analyzed by HPLC with a Shodex OH-pak KB805 column to determine its purity (Fig. 3) . On HPLC profile, TV-3-IIIA-II appeared as a compound of three polysaccharides and further prepared (TV-3-IIIA-IIa, -IIb and -IIc). TV-3-IIIA-IIa showed the highest anticomplementary activity of the three polysaccharides. The average molecular mass of the purified anticomplementary polysaccharide (TV-3-IIIA-IIa) was 180 kDa by the MALLS spectrophotometry. Effects of Chemical and Enzymatic Treatment on TV-3-III TV-3-III, containing carbohydrate and protein portions, was treated with sodium periodate and pronase to identify the active moiety. TV-3-III showed no change in its anticomplementary activity with pronase digestion, but a great decrease of anticomplementary activity by periodate oxidation. When TV-3-III was co-incubated with Polymyxin B sulfate to determine LPS contamination, it did not exhibit any changes in anticomplementary activity (Fig. 4) .
Mode of Complement Activation
The complement system is activated via classical and alternative pathway. In classical pathway, Ca 2ϩ is needed for Cl complex to show proteolytic activity.
9) Thus, to investigate an activation pathway by the purified polysaccharide, TV-3-IIIA-IIa was assayed in GVB 2ϩ (gelatin veronal buffered saline), Mg 2ϩ -EGTA-GVB 2Ϫ and EDTA-GVB 2Ϫ buffer. As shown in Fig. 5 , TV-3-IIIA-IIa showed more potent anticomplementary activity than that of polysaccharide-K (PSK) 22) in GVB 2ϩ buffer. However, TV-3-IIIA-IIa exhibited half anticomplementary activity in Mg 2ϩ -EGTA-GVB 2Ϫ buffer and no anticomplementary activity in EDTA-GVB 2Ϫ buffer, compared with that in GVB 2ϩ buffer.
Chemical and Glycosidic Linkage Composition of Anticomplementary Polysaccharides
To determine the chemical composition of anticomplementary fractions, GC analysis was carried out, resulting in Table 2 . By chemical analysis of each active fraction during the purification step, the uronic acid content in carbohydrate moiety of the anti-complementary polysaccharides was remarkably increased from 40.6 to 61.5%. In addition, the galacturonic acid composition was significantly increased and reached to 44.8% as compared with 26.8% in TV-3. The purified polysaccharide, TV-3-IIIAIIa, was mainly composed of galacturonic acid (44.8 mol%), glucuronic acid (16.7 mol%), arabinose (11.1 mol%), rhamnose (9.2 mol%) and galactose (8.9 mol%) in the carbohydrates ( Table 2) .
The glycosidic linkage compositions of TV-3-IIIA-IIa were analyzed, resulting in Table 3 . TV-3-IIIA-IIa were composed of mainly 4-linked galacturonic acid (27.7 mol%), 3- Preparative HPLC was performed on Shodex OHpak KB805 (GPC type, 8ϫ300 mm) by isocratic buffer system of 0.2 M NaCl at a flow rate of 0.5 ml/min. TV-3-IIIA-IIa was re-chromatographed on the same column by HPLC. a) a-D-Glucose as a reference. b) a-D-Galacturonic acid as a reference. c) Bovine serum albumin as a reference.
3-linked glucose (3.7 mol%), 4-linked glucose and 3-linked fucose (2.8 mol%). The reactivity of the purified polysaccharide to b-glucosyl Yariv reagent showed as in Fig. 6 . Compared with the reactivity of gum arabic to b-glucosyl Yariv reagent, the purified polysaccharide had weak reactivity, although it supposedly contained arabinogalactan moiety by part.
18)
DISCUSSION
We investigated the biological activity of western spice plants and selected thyme, which had a potent anticomplementary activity. Plants have been used as a medicine in the Orient and the West. Recently, their medicinal effects were emphasized and their active components have been reported. [5] [6] [7] [8] The polysaccharide, especially, is a major component of plant whose functions have been less studied for their complex structures and diversities of their molecular weights than other components. Hot-water extracts of thyme showed high anticomplementary activity and were purified. The active fraction separated by ion exchange chromatography, TV-3-III had a potent anticomplementary activity and contained carbohydrate and protein. Thus, we oxidized and digested TV-3-III with sodium periodate and pronase, respectively.
11)
TV-3-III treated with sodium periodate decreased its anticomplementary activity but did not with pronase digestion. This result indicated that the anticomplementary activity of TV-3-III was influenced by its carbohydrate moiety. Therefore, we suggested that the anticomplementary substance from hot-water extracts of thyme was polysaccharides. However, bacteria, whose contamination influences anticomplementary activity by LPS found in bacterial cell membrane, easily contaminate plant extracts. Polymyxin B can bind to the lipid A region of LPS and mask its reactivity to biological system. 13) Co-incubation with polymyxin B did not affect anticomplementary activity of TV-3-III and the purified polysaccharide, which the anti-complementary activity was not due to the bacterial contamination. The polysaccharide, TV-3-IIIA-IIa, purified from TV-3-III by using Butyl-Toyopearl 650M, Sepharose CL-6B and preparative HPLC was a polysaccharide with molecular mass of 180 kDa. Biologically active polysaccharides from plant extracts are macromolecules and their molecular masses disperse from thousands to a million daltons. 23) Our purified polysaccharide was placed under this category and showed a potent anticomplementary activity. When TV-3-IIIA-IIa was discussed concerning which pathway it could activate a complement system via, TV-3-IIIA-IIa inhibited the hemolysis of EA cells in GVB 2ϩ buffer (classical pathway) and showed the inhibition of the hemolysis of rabbit erythrocytes in Mg 2ϩ -EGTA-GVB 2Ϫ buffer (alternative pathway) as well. However, in EDTA-GVB 2Ϫ buffer, TV-3-IIIA-IIA could not inhibit the complement-derived hemolysis. From these results, TV-3-IIIA-IIa was suggested to activate complement system via both the classical and alternative pathway. 9) To investigate the chemical properties of the purified polysaccharide, total carbohydrate, uronic acid, protein and structural sugar contents were examined. According to the purification step, galacturonic acid content was greatly changed and reached up to 44.8 mol% and uronic acid content was to 61.5%. Thus, these changes might have possible roles in showing anticomplementary activity and acidic polysaccharides, such as pectic polysaccharides from Plantago major 24) August 2001 945 and Bupleurum falcatum, 25) have been reported as complement activators. Finally, purified TV-3-IIIA-IIa made up of 9.2 mol% rhamnose, 1.1 mol% fucose and 44.8 mol% galacturonic acid, which suggested to be the presence of pectinlike moiety. Arabinogalactan is classified into three groups and type II is heavily branched and mainly composed of 3-linked and 3,6-linked galactose 26) and its anticomplementary activities were discovered from Angelica acutiloba KITA-GAWA. 27 ) Weak reactivity of TV-3-IIIA-IIa to b-glucosyl Yariv reagent showed some possibility of the presence of type II arabinogalactan by part. By methylation analysis of TV-3-IIIA-IIa, 2,4-linked rhamnose and 3-linked fucose, 3-linked galacturonic acid, 4-linked galacturonic acid were detected, suggesting it to be a pectin. The presence of terminal arabinose, 3,5-linked arabinose, terminal galactose, 3-linked galactose and 3,6-linked galactose supported the fact that type II arabinogalactan was partly contained in TV-3-IIIAIIa. Based upon structural sugar analysis, GC-MS and b-glucosyl Yariv reaction, TV-3-IIIA-IIa might be composed of a large portion of pectin and a small portion of arabinogalactan, which is not clear and needs to be studied.
In the present study, we discussed anticomplementary activity and partial structural characteristics of TV-3-IIIA-IIa purified from thyme. However, we need a deeper understanding of the relationship between structure and anticomplementary activity. Therefore, detailed research about the structure and the activity on complement components are in progress.
